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PREFACE

Examples of failure to prepare adequately for military
operations in cold regions can be found in history from the time
of Hannibal to the Korean conflict. Cold, darkness, wind, snow,
ice, muskeyg, glaciers, vast unpopulated areas, insects. ice fop
and whiteouts are well-known exaniples of factors which charac-
terize the harsh unyielding arctic environment. It is deprecs-
singly true that many of the major military problems faced by our
troops during the Korean winters more than 10 years ago are
still with us today. A periodic reminder of this fact and an
assessment oi the current status of research that is nibbling at
the edges of military operational problems are not only enlighten-
ing but serve as a stimulus for a more concerted effort toward
resolving these problems.

The papers in this symposium will hopefully assist in provid-
ing such a stimulus. They were presented at the 15th Alaskun
Science Conference, held at University of Alaska undev the
auspices of the Alaska Division, American Association {for the
Advancement of Scicnce, from 31 August to 4 Septemb- r 1964,
Their purpose is to focus attention on problems which affect
military operations in cold regions, to outline the major research
effort being expended to solve these problems, and to point out
some promising avenues of approach to future research.

It is recognized that only a {raction of the cold regions
military problems and research needs can be summarized in such
a small group of papers. However, the papers provide an illus-
trative cross-section of the many scientific and engineering
disciplines vhich contribute toward solution of military problems
in cold regions. Research specialties represented include
biology, civil engincering, geography, geology, geophysics,
hydrology, matzrials cngineering, physiclogy and psychology.

There is a growing awareness of the nced for an inter-
disciplinary approachto research problems. Liaisons betwoeen
scientists of various disciplines and between scientists and
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developmental engineers have never been better. Mectings such

as the 15th Alaskan Science Conference are prime examples of
the popularity and effectiveness of the interdisciplinary approach.
On the other hand, liaison between the research scientist and the
potential military user of his product could stand a great deal of
improvement. Progress Fas been mmade in disseminating current
military needs to the scientific community, but it is only a begin-
ning. The results of scientific studies, couched in nontechnical
language, should also be disseminatc4d among the military. There
is a need for a hreakthrough in communications. The papers
presented in this symposium should help to narrow the gap
between the scientific and military communities, between
scientific research and military operations.

Charles R. Kolb
Fritz M. G. Holmstrom
November 25, 1964

L .
ey e A LS Y TR R R R i T Pabatar g
L A N (o




!“M'!i J.Ecuﬁau At a5l 4L Fa" o tg < i et VWV Y B W O L W W M I oG W™ M AN~y g k- gna-nn Sm e mew

A MESSAGE FROM THE GENERAIL CHAJRMAN,
15th ALASKAN SCIENCE CONFERENCE

The symposinm, ""Review of Research on Military Problems
in Cold Regiors, " was a highlight of the 15th Alaskan Science
Conference, sponsored by Alaska Division, American Association
- for the Advancement of S.ience and held at the University of
Alaska from August 31 tc September 4, 1964, Dr. William R,
Wood, President of the University of Alaska, commented on the

scientific program as, '... an outstanding program which drew
an erthusiastic response from the largest group of scientists ever
to assemble in Alaska. ' Registration at the conference was,

indeed, more than double and financizl income more than triple
that of any’'previous conference.

The major factor in the success of the 15th Alaskan Science
Conference was the application of the energies and abilitirs of
Dr. Charles R. Kolb in organizing the program for Earth
Scienccs Scction, one of six sections of the conference, Dr. Kolb
and his Section Committee succeeded admirably. In fact,
participation in the Earth Sciences Secticn alone surpassed that
- of any entire Alaskan Science Conference held previously.

- Science in Alaska and the purposes of Alaska Division, AAAS,

. were furthered significantly, Earth Sciences Section of the 15th
Alaskan Science Conference set a standard of accomplishment for
all sections of all future conferences.

TR, VAR s v "¢ S VIR 7 v v 8 R emmn—~———— . - -

Dr. Kolb's fondest activity was the organization of his
"Military Problems Symposium.' In this he was approbated by
Lt. Col. Kermet Applewhite, Chief, U, S, Army Research and
. Development Office, Al.ska, and Col. Stephen J. Mancuso,
Commander, U. S. Army Arctic Test Center. Lt. Col. Fritz
M. G. Holmstrom, Commander of the U.S,. A, F. Arctic Aero-
medical Laboratory, advised in the organization and served
as coeditor of the proceedings. The problems reviewed and
discussed are interservice and multidisciplinary; they have, in
fact, relevance far beyond that of military applications. The
Jimits of cnvironment within which man can exist are quite
narrow. The limits within which he can perform useful work are
even narrower. Physiological conditioning can extend thesco
limits only to a small (though significant) degree. Man must be

insulitced from a hostile environment by technological means.
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Then he must make a behavioral adaptiation both to the fact of the
environment (which includes a dynamic assessment of potential
stress) and to the technology which insulates him from it. This
symposium was concer~ed with identification of the arctic
environment, with tactors 2{fecting military operations within

the arctic environment, and with man. Always we come to man —
with the promise, the problem and the hope of cffective perform-
ance. We lessen the uncertainty by critical definition and

-

“HN

?:.' assessment of all factors ~- physical, technological and human. *
:'.‘ This was the aim of the present sympousium. Perhaps maost

5-::' salient is Richard Possenti's conclusion that military command

N0 is the most impertant military problem in an arctic environment,

, One cannot but suspect that this is true for all environments.

"

The presiding chairmen for the three sessions of the
symposium contributed materially to its success, These were:

LAV L

Session 1. Charles R. Kelb
Rescarch and Development Office

4
L . “.,_’n v

N
‘:: Arctic Test Center
b Ft. Wainwright, Alaska
. Robert R. Philippe
, Rescarch and Development Directorate
iy Army Materiel Command
b Washington, D, C.
g, .:'
x4 Session Il. Lconard S. Wilson, Chief
Environmental Sciences Division
[+ Army Rescarch Office
Washington, D, C.
o Session 1. Col. Herbert H. Kerr
' Command Surgeon
po Alaskan Command
:" Elmendor{ Air Force Base, Alaska
Lt. Col. Fritz M, G. Holmstrom, Curmmander
U.S5. A, F. Arctic Aeromedical Laboratory
B Ft. Wajinwright, Alaska
::
Charles J. Eagan
President, Alska Division, 3YAA3 i
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A PHILOSOPHY FOR MILITARY RESFARCH f.:;

AND DEVELOPMEWNT IM ALASKA }-:4

X AMND OTHER ARCTIC REGIONS =
-

Wy

Robert R. Philippe and Lt. Col. E, F. Clark, USAR Retired t e

. U. S. Army Research and Development Cirectorate ! ?.S

Washington, D. C. RN
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It is a pleasure to be here this morning to open thit session of 4 i

papers reviewing rzsearch on mililary problems in cold regions. T
The primary purpose of this session is three-fold: {irst, to focus -

your attention on problems which affect military operations in -
cold climates; second, to attempt, within the short span of time Lo

allctted to each spcaker, to outline the major research efforts Y
being expended to golve theae problems; and third, to point out §
some promising avenues of approach to future research of this
nature. In organizing this symposium, no attempt was made to
cover all military problems in cold regions. They are numrrous
and variable, and often only partially defined. Instead, the plan

PPy~ -

was to select several of the more significant probleme and to e |
explore them, as well as current research underway to discover j ;:
acceptable solutions. £
L..

As the day progrerses, yonu will note that nearly all scientific i:

and engineering disciplines contribute, either directly or
indirectly, to solutions of cold regions military problems. For
instance, the physical scientist, whn studies surface chemistry,
crack initiation and propagation, and dislocations in materials;
the geologist or engineer, who studies the physical properties of
frozen soils; and the physiologist, who studies the effecis of low
temperatures on human metabolic processes, all contribute to
these solutions and are excellent examplea of the diversity ol
scientific talents and interdisciplinary approaches required to
solve a wide spectrum of cold regions problems.

Our accomplishmenis in this field of endeavor have been con-
siderable, with many of them ¢{ more thun minor significance.
We have probed many of the sccrets of the Arctic and of the
remnants of the great continentzl glaciers; we have constructed
cities under the ice; and we have enhanced greatly the fund of
' human knowledge concerning these regions. However, it 1s ot

1
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the purpose of my few remarks this morning to extol our deeds of
the past, Irstead 1 wiah to draw your attention tc a need {or a
more meaningful philosophy for arctic research, and greater
effort on our part to marry science and technology to assist the
comparatively amall cadre of acientists and engineers who hLave
labored diligently in Alaska and other arctic lands.

The late Dr. Compton of MIT one said, "The experience
during the war as well as the experience with the great industrial .
research laboratories and of some of the groups in university
laboratories, have increasingly demonstrated the great power of
cc-ordinated group ffort, where a number of scientists or
engineers with different backgrounds and points of view can tackle
a major scientific probiem in a co-ordinated manner. " Generally,
this will be the theme of my remarks,

———— e R L LA e S R B M AN, B sl e

With this increasing awareness arnong acientists and
engineers, there is a growing realization that we in the Arctic
are oiten engaged in limited investigations instead of broad and |
balanced programs. .

In the course of our cold regions investigations we have done
much 10 increase the ease of arctic operations, but unfortunately
there is still far too much effort, discomiort and ineffectiveness
involved. We still need a magnitude of change in providing
better protection from the elements, in transport of cargo and
personnel, in handling and protection of supplies, and in the
accomplishraent of 2 multitude of other logistic tasks.

1f we seek improvement, what best can help the cause? 1
believe we can point at thrse possible real contributors; namely,
greater interest by our nation as a whole in arctic regions, a
better bridge between science and technology, and maximum use
cf the interdisciplinary approach to problems. 1 should like to
dweli upon each of these points briefly.

My {first point is that as yet we as a rnation have not develcped
ag pusitive an attitude toward the Arctic as have toward the
Antarctic. Although we conduct cold regions research, it would
help cur purposes if we would assess mcre fully both the com-
plete military and the economic potential of these regions. With
this, we could evolve a firm philosovhy upon which to conceive
policies and prograrns of research in the Arctic, It would fulle
that w2 could cencentrate our limited resources on the golution
of major probier-=,

. -
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Our actual investment in arctic research is small compared
to what we spend in the Antarctic. Mostly we have been pioneer-
ing in the Arctic, but the need for a more systen-atic development
is upon us. As a nation, we need a critical assessment of arctic
potential to determine if the more costly phase of development is
to our national interest.

My second point is that in our polar and arctic research and
development efforts, we need greater play between science and
technology. We knuow of the materiel deficiencies common to
cold climate military campaigns and to wintertime arctic and
subarctic military maneuvers and exercises, In many instances,
science has already provided an answer, but we still need to
press technology into providing workable solutions. For example,
small turbine engines substituted for internal combustion engines
would solve the problem of cold-ecaked starting of engines,
Metallurgists and other materials researchers advise us that
many new metal alloys and other materials, which will retain
desirable properties at very low temperaturas, would solve many
problems caused by low teraperature embrittlement of metals and
other materials. The very notable advancen on research in
fabrics and in physiological responses at Natick should be applied
to reducing the bulk and weight a combat soldier must carry into
the field, to increase mobility and conserve energy in face of
physical contact with the enemy.

These are but a few of the examples whare we can hasten to
close the gap between science and technology, Wo must seek
means of better communication between the researcher, the
designer and the user, to exploit available knowledge to problems
at hand, Perhaps, more and more, we should thruet these groups
together into actual common problems in the field, where the
adversity of the environment could force them to become bed-
fellows. In truth, they must become members of one team,
welded by need of a common and urgent objective.

This brings me to my third point, which is the need for more
effective interdisciplinary approaches to problems., For example,
we might study an arctic river by addressing cur eiforts solely
to measurements of hydraulic characteristics. Yet without
serious consideration of hydrological, geological, morphological,
pedological and climatological factors involved, our conclusions
might be so limited that they would serve little purpose in under-
standing the environment as a whole.




This leads us to a final important question; namely, what can
we do to bring the Arctic into proper over-all parspective? 1
believe we car and should, within our available resources in
people, do three things: First, we should engage in a concerted
effort to prcvide the usable information necessary to enable the
nation to make a wise decision concerning the arctic potential.
Second, we should assist in evaluation of this potential from a
national viewpoint., In this we should make available a cadre of
arctic scientists and soldiers to join others in facing the assess-
ment foursquare and on a grand basis. Third, we should direct
concerted efforta to the translation of expanding scientific
knowledge intc well-engineered techniquer and hardware
systems which wil) make the Arctic more easily accessible to
the advances of development.
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NOTES ON THE PHYSICAL ENVIRONMENT OF ALASKA

Troy L. Péw¢
Department of Geology
University of Alaska
College, Alaska

INTRODUCTION

Alaska is the largest peninsula of North America and extends
hatwaen tha maridiane nf 1302 W and 173% F and hatwasn tha
parallels of 55° and 72° N. It is bounded on the north by the
Arctic Ocean and on the south by the Pacific Ocean. On the eanat
it is bounded by Canada and on the west by the Bering Sea,
Bering Strait and Chukchi Sea.

The area of Alaska is 1, 520, 000 km?, about 15% thu size
of Europe. The state contains extensive lowlands and towering
glacier-clad mountains, including Mt. McKinley (6,200 m eleva-
tion), the highest peak in North Armerica.

PHYSIOGRAPHY AND GEOLOGY

The main pnysiographic provinces of Alaska are outlined by
major topographic units and are similar to the United States and
western Canada, The four major provinces (from south tonorth)
are: the Pacific Mountain System, the Intermontane Platcaus, the
Rocky Mountain System and the Arctic Coastal Plain (Figure 1).
The Pacific Mountain System extends from southeastern to south-
central Alaska and through the Aleutian lslands, including the
coastal mountains as well as the Alaska Range. The Intermontane
Plateaus include the lowlands and rolling hills of the interior and
western Alaska, between the Alaska Range on the south and the
Brooks Range on the north, The Brooks Range and the nortnern
foothillas belt comprise the Rocky Mountain System. The arca
comprising the Arctic Coastal Plain extends north from the Rocky
Mountain Systern to the sea. Thege major divisions have becn
divided into 12 provinces and further subdivided into 60 sectinns,

n
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The Pacific Mountain System includes the jagged coastal
ranges of southeastern Alaska as well as the St. Elias Mountains,
which are continuous with and geogically similar to the Chugach
Mountains, The St. Elias Mountaing contain the second and fourth
highest mountains in North America and are, in large part, fault
controlled. The Chugach Mountains are composed mainly of
metamorphosed sediments and volcanic rocks.

L i

The Wrangell Mountains are a small volcanic group, one of
which, Mt. Wrangell, is still active. The Talkeetna Mountains
comprise a rugged glaciated area of igneous, sedimentary and
metamorphic rocks. The Pacific Mountain System also includes
the Copper River basin, an intermontane depression filled with
more than 30 m of unconsolidated sediments of Quaternary age.
Another lowland is the Cook Inlet-Susitna Lowland, underlain in
part by coal and cil-bearing beds of Tertiary age.

3ty

-ﬁv “-'_ _

The largest mountain group in the Pacific Mountain System ia
the Alaska Range, an arcuate barrier 1000 km long. It includes
large number of ice-clad peaks, many more than 4, 000 m high.
The range has great areas of igneous rock, many of which support 2
the highest peaks, but in large part, the range is composed of i
metamorphic and sedimentary rocks, some of great antiquity. -~
In addition to these older rocks, coal-bearing deposits of =
Tertiary age are widespread, especially on the north side of the ki
central Alaska Range. Theee, in turn, are overlain by poorly ,§ '
consolidated gravel deposits of Tertiary age. ¥

The Alaska Peninsula and the Aleutian Islands are part of the 1
Pacific Mountain System and compose an arcuate line of vol-
canoes 2600 km long. Nearly 80 vclcanoes are known in this
belt, and more than half of them are active.

The Intermontane Plateaus physiographic province lies g
betweer the Pacific Mountain System on the south and the Brooks K
Range on the north. This broad area, corprising half of the :
state, consiute mainly of gently rolling hills and broad sediment-
filled tectonic basins, but a few rugged, glaciated peaks are
present. The rocks of (he highlands are of great antiguity and
include both pre-Cambrian and Paleozoic rocks. Deposits of r ’
Mesozoic age are also widespread, ecspecially in the west. Areas
of intrusive igneous rock are present in the interior of Alaska
and generaily give rise to the higher peaks, most of which, how-
ever, are lower than 1800 m elevation. Volcanic rocks of
Quaternary age are prrsent mainly on the Seward Peninsula gl
the Yukoen-Kuskokwim Delta (Figure 2).

-
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The Brooks Range and the focthill belt north of the Range
comprise the Rocky Mountain System in Alaska. The Range is a
dissected and faulted complex anticlinorium of mostly Paleozoic
and Mesozoic sediments. Local intrusions are also present.
The foothill belt is composed of isolated hills, mesas and hug-
backs of sedimentary rocks, reflecting anticlines and other
structures.

North of the Rocky Mountain System and extending to the sea
is the Arctic Coastal Plain, which is a vast plain covered with
thousands of lakes and swamps. Many of the lakes are oriented
about 30° west of north, perhaps by wind action. The coastal
plain is underlain with rather flat-lying sedimentary rocks.

Surficial deposits cover most of Alaska and are Quaternary
in age (Figure 2). Eclian deposits cover a large fraction of the
low-lying parts of Alaska. The deposits include large areas of
loess and rewnrked loesa (known in Alaska as '"'"muck'), smaller
areas of stabilized sand dunes and very small areas of active
dunes. Practically all of the loess was dsrived from glacial
outwash plains, and the few areas where loess is accumulating in
significant quantities today adjoin the braided flood plaine of
strea ua from active glaciers. Most of the fossil sand dunes also
adjoin sandy glacial cutwash plains of late Pleistocene age, but a
large area of stabilized dunes in the Arctic Coastal Plain and a
small area of atabilized dunes on St. Paul Island in the Pribilof
Islands and in the Yukon Delta probably accumulated on the lee
side of extensive sandy beaches,

Loess probably constitutes the most widespread Quaternary
eediment in Alaska. It forms a blanket, ranging in thickness
from | ¢m to more than 60 m, that covers almost all areas in the
state that lie below altitudes of 300 to 600 m. Thick deposits of
loess are most widely distributed in central and western Alaska.

J.acustrine deposits of Quaternary age are relatively limited
in Alaska, and only one large area, the Copper River basin,
exhibits widespread, well-developed lake deposits. The Copper
River basin is an intermontane lowland about 14, 000 km? in
extent, bounded by the Chugach, Wrangell and Talke :tna moun-
tains and the Alaska Range. The lowland is drained by canyons
through the surrounding mountains, which still suppourt large
slaciers today and "vhich supported much larger glaciers in the
past. During Pleistocene glacial cycles, glacial ice repeatcily
blocked the drainage fruin the lowland, producing huge lakes,
int » which glicial sitt and clay was dep’ sited,
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It is estimated that 25% of Alaska is covered by fluvial depos-
its, if the overlying loess blanket on the terraces is ignored. In
addition to the modern flood plains of rivers, huge areas of
glacial outwash fans flank most major mountain ranges, and many
large tectonic basins, such as the valleys of the Kuskokwim and
Tanana Rivers, the Yukon Flats and Yukon-Koyukuk lowland, are
filled with one meter to a few hundred meters of fluvial sediments
of Quaternary age.

Coastal lowlands underlain by marine deposits fringe much of
the perimeter of northern and western Alaska, from the Canadian
boundary to the Kuskokwim River and along the northwest shore
of the Alaska Peninsula.

CLIMATE

As might be expacted, the climate of Alaska is quite varied;
this is caused by a varied topography, different conditions of 3seas
bounding Alaska on three sides and its great geographical extent.
The northernmost point of Alaska is only 18° of latitude from the
North Pole, and the southernmost tip cf southeastern Alaska is
near the latitude of Copenhagen, Denmark. It is not generaily
realized that the range in climate in Alaska i& greatsr than thai
between Florida and Maine in the contiguous United States.

Several distinct climatic zones have been recognized in
Alaska; early climatic subdivisions differ only slightly from those
used today by the U, S. Weather Bureau (Figure 3). The nine
subdivisions of today fall into four major climatic zones, zones
which are closely related to the physiographic provinces outlined
earlier. The southernmost climatic zone, zone of dominant
maritime influence, includes southeastern Alaska, the south
coast and the Aleutian Islands. The area is characterized by
emall ternperature variations, much cloudiness and abundant
precipitation, especially in southeastern Alaska, The highest
recorded nuean annual precipitation, 560 cm, is at Lictle Port
Walter in southeastern Alaska. It is no wonder that this zone is
one of no permafrost but has extensive glac;lers. The mean
annual air temperature is warmer than 0° C except in the high
mountains (Figure 4), ard the degree (°C) days of freezing arc
less than 1000 (Figure 5).
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Mean annual air temperature (°C) isi.thern.s in Alaska,
(Compiled by L. Mayo, U. S. Geological Survey. Effect of
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A zone of transition from maritime to continental climate
lies north of the maritime zone {Figure 3). Temperature varia-
tions in this zone are more pronounced, and there is less cloudi-
ness and precipitation than in the maritime zone. The mean
annual air temperature is about 0° C in the south and as ccld as
-2° C in the north of this zone (Figure 4). Characteristics of
continental climate are common in the northern part of the zone.
The degree (°C) days of freezing range from 100C to 3000.

The dominant continental climate zone lies nurth of the
Alaska Range, szouth of the Brooks Range and east of the Seward
Peninsula (Figure 3). These topographic barriaras tend to pre-
vent the inland movement. of air, and the area is semi-arid. This
zcone has great extremes of temperature, from 37,8° C to -60° C.
The mean annual air temperature ranges from -2° C on the south
to -6° to -8° C on the north, and the degree (°C) days of
freezing are from 1700 to 4900,

The Arctic climate zone lies in northern and northwestern
Alaska and has the most rigorous climate of the state. It has a
very low mean annual air temperature, from about -6° or -8° C
on the south to -12° C at Barrow on the nortn (Figure 4). The
mean annual degree (°C) days of freezing averages from 2800 to
5400 (Figure 5).

The winters are very cold, and the summers are cloudy and
cool. Both rainiall and snowfall are light ~— about 20 ¢cm annual
rainfail and less than 150 cm of snow annually. Snnowfall is light,
and accumulation is thin enough to permit great cooling of the
ground, especially since much snow is blown by the winds to
provide an uneven cover and packed by drifting to provide better
lieat transfer.

GLACIERS AND GLACIAL DEPOSITS

Alaska is the site of most glac.er ice and all of the large
glaciers in continental North America. The 132, 000 km? of
glaciers in this state comprise 66% of the glacial ice on the con-
tinent. Valley glaciers, intermont glaciers and piedmont
glaciers are present. The valley glaciers range i1 size from
less than a kilumeter to the larger Hubbard glacicr, 120 km in
length, Malaspina Glacier is famous as the classic piedmont
glacier, an 2normous ice mass covering an area larger tha: the

15
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state of Rhode {sland. Glaciers are mozt numernus in southern
and aoutheastern Alaska, are well developed in the Alaska Range,
tut are urcommon in the Brecoks Range (Figure 6).

Glaciers have covered about half of Alaska at one tirne or
another, leaving deposits that form terrain which ranges {rom ~
huimmocky knob and kettle areas deposited by glacial advances of
Wisconain age to subdued rolling areaa formed by much more
ancient advances of glaciers. The glacial advances of lliincian
and early time were considerably more extensive than those of
Wisconsin time, especially in the south and the west, During the
Quaternary period, glaciers were much more extznsive in
scuthern Alaska than in northern Alaska and much more extensive
on the south flanks than on the north flanks of individual mountain
ranges (Figure 6). This indicates that the glaciers wers nour-
ished chiefly byair masses moving anorthward or northeastward
from the northern Pacific Ocean.
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PERMAFROST

Permafrost, or perennially frozen ground, is defined as soil ,
" or other surficial deposit, or even bedrock, which has had a K
A temperature below freezing for two or more years. Permafrost B
is defined exclusively on the basis of temperature, irrespective J
of texture, degree of induration, water content or lithologic .
character. About 25% of the land area of the word is underlain
by permafrost. Perennially frozen ground is present throughout
most of Alaska (Figure 7), but it is more widespread and extends
to greater depths in the north than in the scuth.

ORI

In the continuous permafroust zone of the northern part of
Alaska, permafroat is almosat everywhere preaent and extends to
a depth of as much as '05 m. In this area, away from large
bodies of water, the t. nperatures of permafrost at depths of
15 to 25 m are colder than -5° C (15 to 25 m is the maximum
depth to which appreciable annua} temperature fluctuations penc-
trate the ground). The coldest permafrost temperature recorded
in Alaska is -10.6° C near Barrow.

ot el int et

Southwird, in the discontinuous permafrost zone of Alaska,
the thickness of permafrost decreases and unfrozen arcas are
more and n.ore cormen, until near the souvthern bounddary only
occasional patehes of permafrost exist, The temperature of

16
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Distribution of ice wedgea and permafrost in Alaska. {Compiled
by Troy L. Péwe.)
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permafrost at depths of 15 to 25 m in this zone ranges from
-59 C in the northern part of the zone to approximately 0° farther
south,

The ice content is probably the most significant feature of
permafrost affecting life in the north and providing evidence
concerning past climates. The most conspicucus type of ice in
the perennially frozen ground is the large ice wedge or mass that
has a marked foliated appearanze and that forms in contraction
crackes in the frozen ground. Foliatad ground ice masses (ice
wedges) are ubiquilous and actively growing in all types of unccen-
solidated material on the Arctic Coastal Plain of northern Alaska
(Figu~e 7). +hey are common in central Alaska and the Seward
Peninsula but are limited there to perennially frozen organic-
rich silt. For the most part, the ice wedges in central Alaska
are no longer actively growing. No ice wedges have been
reported from the Yukon-Kuskokwira Delta or Briatol Bay area,
and only one exposure is reported in the Copper River basin,

VEGETATION

The present-day vegetation of Alaska consiste of three majcr
types: the coastal spruce-hemlock forests of southeastern and
southcentral Alaska, the interior white apruce-birch forest of
central Alaska, and the tundra of western and northern Alaska
(Figure 8).

The coastal forests extend a few tens of kilometers inland
along the coast of southeastern and southern Alaska westward to
Cook Tnlet and northeastern Kodiak Island, In addition to the
Sitka spruce and western hemlock, the coastal forest includes
mountain hemlock, Alaska cedar, lodgepole pine, Douglaa {ir and
smaller areas of alpine fir, Pacific silver {ir and western red
cedar.

The interior forcat is distributed today through moat of
central Alaska north of the coastal mountains and south of the
Brooks Range., In addition to white spruce and birch, other
common species are black spruce, balsam poplar, aspen, larch
and willow., Various species of alder grow in both forest arca-
as well as in tundra regions.

19




{“6561 (g) sunidoy pue g561 (11) s003edig 13y3y)
"eYSely Ul seIde pajsaiojun pue sadA} 353305 Jofew jo dews pazijerausn

g 3JYNOII
oUP! 08! ‘ |154%¥ 4
-’ OmﬂWV Gqs Q f -
ovnﬁ Tovn \ spuoigy :9..{.10 4 \lhu%\

ot
i L.
J— v

2

18850; WIONWeY
-8>u0t oW I00)

UOZdl $x0048

L/\\ M3

A\ £
o021 ’ oOr o0%) P

LE ]

— e e s s eEmA i~ cay WS B AR



[Bab 0. 9280 020 008 Si00s 8 o U0 A% SV RV B¥e 47 AV T R N O

The tundra is found beyond the latitudinal limits of forest i
central and western Alaska, in highland areas above the altitu-
dinal limits of forest in central and western Alaska, and in high-
land areas above the altitudinal foreat limits in southern Alaska.

- Tundra covers approximately 25% of Alaska and is a mosaic of
many different sorts of vegetation, some of which are limited to
either southern or northern tundra regions.
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MAJOR ARMY OPERATIONAL PROBLEMS IN COLD REGIONS

Lt. Col. Allen P. Richmond
Chief, Combat Developments Agency
U. S. Army Alaska

The United States Army can conduct effective military opera-
tions in northern areas with the means currently available.
While these operations are effective, they are far from optimum
in terms of economy, efficiency or speed of response, The
scientist can do much, withix his individual discipline, to
improve the Army's capabilities. It will be noted that many of
the problems identified in this paper are also problems to other
governmental and commercial agencies operating in northern
areas.

The definition of northern areas used by the Army is keyed
to 50° F isotherm (Figure 1). All areas lying north of the
imaginary line connecting points at which the mean summer tem-
perature during the four warmest months does not exceed 50° F
are considered to be northern by this definition. Similarly,
rilitary operations at below -25° F arc also considered to be
conducted in the northern environment. The physiological and
sociolugical problems encountered in the environments where
these temperatures are experienced are at least equally as
important as the temperature itself,
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United States Army, Alaska, operating within the 49th State,
is responsible for the identification and documentation of the
principle, policies and concepts (doctrine), as well as associated
qualitative requirements for materiel, for the coaduct of opera-

s

-

tions in northern areas. Dr. Pdwé¢, of the University of Alasks, ::,1
presents elsewhere a comprehensive description of the Alaskan :::4
environment. However, it should te borne in mind that the ‘;
U. S. Army is inlerested in all northern areas, not juet Alaska, K
~

%1

Northern operations in vast, sparsely populated and culturally ;:

(8

underdeveloped areas are characterized by srnall military forma-
tions operating independently or semi-independently. In winter,
when the conditions for ground mobility are best, the extremely
low temperatures pose serious problems to both the men and

a

their equipment. In summer, when temperatures are more tem- :-;.
perate, ground mobility is seriously curtailed by the gencrally :.;j
saturated soils with low bearing strength which cover tremendous Y
q
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The northern area of operations includes Polar, Arctic and
Sub-Arctic regions. The 50 degree isotherm is the southern
boundary of the Sub-Arctic.
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areas in both North America and Eurasia. Present selutions to '.Q N
thes: problems are crude and inefficient. In winter, a man must
wear or carry almost 50 lbs of clothing just to keep warm. Ile )
must have his double sleeping bag near at hand to stay alive if

he must sleep without shelter. Shelter itself leaves much to be
desired in terms of ‘weight, ana ease of erection and striking.
Neceecsary heaters consume tremendous quantities of fuei, Com-
bustion products produce ic: fog, which limits visibility and often
reveals positions to an enomy. Vehicles and weapons designed
for use in temperate, and even tropical, climates function ineffi..
ciently or not &t all in extreme cold. Movement ia restricted to
exisiing roads, ncw roads built at tremendous expenditure of
time and construction effort, or expensive, and often inadeqguate,
air transport.

R AT §

!

As both commercial enterprise and private individuola have
amply demonstrated in Alaska, air mobility presents the most p
attractive capabilities for movement over areas where thare are .
few roads. The 11th Air Assault Division, at Ft. Benning, f“ )
Georgia, is currently experimenting with various types of
military operations in which mobility is provide? almoust exclu- 1
sively by Army aircraft. Many of their findings will be especially X

applicable to military operations in the North. Yet there are 1

problems, over and above the fundamental onc of cost, i
ph
,t“

Aircraft must perform effectively and responsively in the

extrema cold of northern winter. !mproved engines and lubri-
cants are required. We cannot willingly accept the cort, in time :‘4‘
and manpower, of our current requirement of almost two hours ,
of preheating per aircrait whe:u starting up at very low tempera- :.f
tures, or the extensive 'down time' for maintenance. The gas
turbine is vastly superior to the piston engine in this respect, ;
Direct-reading navigational equipment, including terrain avoid- \,\
ance devices, are essential for operations whicr cannot be Y
delayed by periods of low visibility, which a-¢ commn in ol
northern areas. The electromagnetic characteristica of northern Ry
areas, as well as the extremes of temperatute, contribute to the :‘
difficulty of solving these problems economically. R
o
As attractive as air mobility is, it solves only a minor part '.
of the Army's mobility problems. In the last analysis, wara are &
fought between men and for the control of man's productivity. =
Man lives and moves on the ground. Military engagements ~
between men will always involve some land iocomotion, even if »
:t is restricted to final assault and mop-up activities. In the
foreseeable future, land locomotion requirements will bLe ,
"
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considerably more extensive. The more favorable procurcinc:
and-operating cost to load-carrying factors of even the mote
sophisticated land vchiclee will make them preferable to ~ircrals
for many years. Even when employing airmobile forces, somu
operations are more eifectively conducted on the ground, with
extensive radii of operation from the base, It does not matter
whether or not the base is an airhead.

To achieve a suitable ground mobility capability in the
immediate future, research and development must be pointed
toward cheap, simply maintainable, high performance, tracked
vehicles with sufficient versatility to oparate effectively on roads,
where they exist, and over the low-bearing-capacity soils and
snow of the North., Wheeis operate eifectively and cheaply when
they can find footing with sinkage less than one-third of their
diameter. This sinkage is frcquently exceeded in the North, and
only tracked vehicles can operate effectively under these condi-
tions. Yet the tracked vehicles which negotiate extremely soft
conditions most efficiently are poor performers on hard surfaces.
The compromises of current armored vehicles are more effective
over the soil conditions and road nets of the temperate zone than
they are over the conditions of both the North and the Tropics.
Further, the ponderous mass of armored vehicles limits their
efficient movement by heavy aircraft, or even movement over
the conventional roads and bridges that may exist in northern
areas. Military units equipped with wheeled transport are
severely restricted in movement. Those equipped with current
tracked vehicles are more mobile, but their mobility is far from
optimum,

An obsolescent, but still employed, heavy tracked cargo
carrier is the M-8 Cargo Tractor. This vehicle, designed
originally as a tractor for towed artillery, weighs 55,000 lbs
and has a ground-pressure of 8, 3 1bs per square inch, In musk.g
or deep snow it must bulldoze its way, depending upon its ability
to find footing at an acceptable depth beneath the surface. This
requires tremendous power. Fuel consumption ia excessive,

In an effort to improve its off-road mobility, U, S. Army
Alaska purchased a fleet of commercial Nodwell carriers. These
vehicles weigh 11, 000 lbs. They carry an 11, 000-1b cargo load

eificiently over muskeg and are reasonably effective in deep snow.

For 5 tons of airlift weight, the user gets a 5-ton lif* capability
in an airhead. An amphibious version of these vehicles is
currently {1964) under test at the U. S, Army Arctic Test
Cernter, Dut for all nf these advantages, a price is paid in po-
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performance on hard ground or roads. Top speed is limited to
about 15 mph. And at these speeds, vibration causes severe
damage, resulting in high mairtenanze requirements. While it
is a most effective special-purpose vehicle, the Nodwell is not
the solution to the more general requirements for effective
military vehicles.

The most promising general-purpose tracked cargo carrier
fcr the immediate future is the XM-54El 6-ton Carrier. It is not
the optimum vehicle, yet it illustrates the variety of character-
istics which should be satisfied by any vehicle for military use.
This carrier, initially developed as an ammunition carrier to
accompany modern self-propelled artillery, is produced by the
FMC Corporation. Its engine, drive and suspension systems are
identical with the M-112 Armored Personnel Carriers used exten-
sively in the Army today. Numerous other special-purpose
vehicles have been developed using the same components, On-
road md>vement is excellent. Fuel economy is acceptable. Off-
road move:aent in the North is practical under many conditions,
more nearly approaching the extremes than any other standard
vehicle. From a supply and maintenance point of view, it is
ideal, ae the most vulnerable parts and systems are common to
other standard vehicles, and parts are readily available,
Nevertheless, it is still a compromise vehicle, which does not
provide the full range of capabilities crequired,
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One of the greater protlems of mobility in the North is the
means of accomplishing, in this environment, ths multitude of
tasks performed by the 1/4-ton truck, or jeep. Even the newer
models of the jeep do not have sufficient mobility to be effective
under enough of the common trafficability conditions in the North.
It is interesting to note that the unofficial yardstick of mobility
for light tracked carriers is the Weasel, a vehicle designed and
built over 20 years ago, The Weasel was a good vehicle in terms
of mobility., It was not so good in terms of weight, cost and easc
of maintenance. We have been looking for a replacement for
many yzars. At present there are three poseitle replacements,
though none of them serve all requirements.

For general use in conventional environments, the M-114
Armored Reconnaissance Vehicie has been developed. Obviously
this is a combat vehicle. We have scme here in Alaska and {ind
that they do operate over many of the surfaces which would stall
the jecep. However, they are .nuch too heavy and bulky for prac-
tical movement by air, other than in heavy transport aircraft.
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For general cargo-carrying in the North, we have the M- 11t
Amphibious Carrier. This vehicle was built to be 1 replacemeont
for the Weasel. However, the M-116 is a 1-1/2 -ton carrier,
whereas the Weasel had only a 1/2-ton capacity, The M-1i6 is a
good vehicle, but is too large and heavy {or airlift in Army air-
craft. This prevents its practical use in short-range or small
scale airmobile operations.

Now under test at the U, S. Army Arctic Test Center is the
¢ ~dian-developed XM-571. This highly mobile articulated
Ca also was developed to meet the requirement originally
met , the Weasel. It came closer. It has many good features,
including lighter weight than the Weasel or the M-116., It can be
carried in or by heavier Army 2ircraft, but it is larger thun
nceded, having a 1-1/4-ton capac.ty. It cannot ve carried, even
disassembled, by the light helicopters which will be niost gener-
ally available for airmobile operations. It is a fine vehicle, but
whether it will pass the test of sufficient increase in capability
over the current standard vehicle, the M-116, to warrant the
cost of procurement is a matter still to be decided.

Even if the XM-571 is standardized, it is not the ideal small
carrier for northern operations. As with so many othc - military
requirermments, we want the greatest capabilities for th least cost.
We want an inexpensive tracked cargo carriev, of 1/2-ton cargo
capacity, which can go al'most everywhere the Infantry can go on
foot. We want this vehicle to weigh less than 1500 lbs, if pos-
sible, with an absolute maximuam curb weight of 2500 1ba., We
would like this vehicle to {ioat, by itself or with '"'water wings."
It rmust be able tc move over simooth, level terrain at a speec of
at least 15 mph. We would like it to move over roads at least at
25 mph, though we would ease up on this requiremaent if 't could
easily be stacked on counventional trucks or tracked vehicles when
over-road movement i8 required. Several commercial vehicles
come closer to meeting these requirements than the M-114,
M-116 and XM-571.

The Nodweil RN-10, w.ighing 2350 lbs, is an amphibious
muskeg-crosser. It has nwost of the adventages, and disadvan-
tages, of its bigger brothers, It is not a good snow vehicle,
though modification of the track might correct this.

The Thiokol 1401 is a 1€00-'b vehicle which is rugged and
versatile. La~k of speed, power and inherent floating capainlitics
are its greatest weaknesses, and these may be correctable. It
is not an cxpensive vehicle.
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The Bashaw TC-2, designed and built in Anchorage, Alaska,
is a light, amphibious carrier with amazing capabilitics consider-
ing its weight and cost. The 1200-1b test vehicle was under-
powered and slow, but it carried the required load and was
simple to operate. In quantity it should be cheap enough to make
throw-away maintenance of many components a practical reality,

One reason that we are interested in these light load carriers
is that the modern foot soldier, armed with the necessary
modern weapons and ammunition and cquipped to survive the
riorthern winter, carries a load of over 100 lbs, While some of
this lcad must always accompany the soldier, much of [t can be
carried for him if the carrier can stay reasonably close to him,
Many of the more versatile and effective modern weapons are
heavy, in terms of man-traneport, and the volume of ammunition
they can uge imposes serious transport problems., If we are
going to rely on mobility to get troopa ard weapons to the general
objective area where the {inal battls will be fought on the ground,
then the loads must he as light as possible. Heavier carriers,
which will transport troops as well as their loads, are not prac-
tical in such operations. Light weight and economy offset the
bencfits of personnel transport. Trocps can still move elfec-
tively on foot, on skie or on snowshoes, but not when they carry
excessive loads,

So far, the mebility of gen=ral cargo and foot troops has
been emphasized, but there are other mobility problems.
Heavier weapons, such as artillery, must be as mobile as the
troops they support. Air transportability ie, again, a significant
requirerment for ncrthern operations, U, S, Army Alaska has
been using the Pack 75mm Howitzer for many years after it was
discarded by the rest of the Army. It has the one advantage of
being transportable by light helicopters. As a weapon, it has
many weaknesses. The M-102 i05mm Howitzer has been devel-
oped to replace this old weapon. Armed helicopters may be the
answer in some aituations.

All battles ir northern areas will not requirs air movement
of all of the forces in light Army aircraft. Many opérations may
be carried cut using roads, ur easily crossed terrain, where
initiay ¢ntry may be by sea or heavy airlift. Here light weight is
lese of a problem, within limits, than effective performance,

As with carge vehicles, fighting vehicles must have higher
mobility than present tanks, artillery and personnel carriers,
Again, wheeled vehicles are not vcrasatile enough to be effective.
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Before leaving the problems of mobility, it should be pointdd
out that many of the rivers in the North represent practical
routes of communication, particularly for heavy cargo loads.
Most of the probleme of developing practical river transport for
mailitary use are cviomon to all environments. Much is being
done to improve propulsion units to increase power and efficiency,
particularly in very shallow water, while reducing noise. The
hydro-jet drive is of particular interest. But one problem,
particularly vexing in the glacial streams of the North, is the
extreme erosive qualities of silt, which quickly wears out pumps.
Development of inexpensive wear-resistant metal parts for jet
pumps and venturies is needed.

There are other serious problems in the North besides
mobility. Shelter is a particular problem, especially in winter.
We need better shelter which is easier to transport, erect and
strike than that we have now. We must reduce the variety and
quantity of pins, poles, ropes, axes and mauls now needed to
erect it.

Rations are a problem. The seriousneses of this problem
varies almost inversely with the size of the unit to be fed. Large
units, with effective kitchen equipment and adequate water supply,
have the fewest problems. Shelter ig essential, for preparation
and washing as well as for eating. The smaller units, now
dependent upon the ''C' ration or {reeze-dried rations, have
greater problems, particularly in obtaining the required water.
Small units and individuals who must carry their rations with
them: do not have a good trail ration., The nature of operations
where a trail ration is required almost precludes procurement of
adequate water supplies in winter. Frequently it is tactically
impossible to provide sufficicnt heat for preparation, making
dehydrated rations impractical,

As was previously mentioned, a soldier now has about 50 lba
of clothing to kecp him warm in winter, A new universal clothing
eystem being tested may help to reduce this—to about 40 lbs,
While better, this iz still more weight than we desire. We are
most interested in the Thermalibrium Suit, an air-conditioned
uniform suitable for all climates, which will weigh not over
20 1bs, including the power-pack and fuel for 8 hours or more.
The current problem area is the power source. Continuing
effort in developing cheap, efficient fuel cells which use standard
fuels is essential if this concept is to be achieved,
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Fuel itself is a major problem in northern winler operations,
Military vehicles consume vast quantities of fuel even in tem-
perate areas. In the North these requirements increase by as
much as 25%, as vehicles must be kept running longer., Great
guantitiec of fuel are cunsumed to keep personnel and sensitive
eguipment warm, Transportation of this fuel requires more than
1/2 the total cargo capacity of support units. Much has been
done to provide flexible tankage for storage and transport.
Efficient Rolling Liquid Transporters have been produced. We
need practical flexible pipelines, which are light in weight and
e2sily installed, to supplement or replace vehicular transport.
Standard pipelines are too bulky and expenaive to support the
toctical units operating over the vast areas of the North, though
they are practical connections from ports to main base complexes.

Fuel problems can be further simplified, through research
and development, by making fuel-consuming devices less discrim-
inating in the type of fuel required. Reduction of the variety of
fuels now needed for ground vehicles and aircraft will simplify
storage and shipping problems.

Heaters are a large consumer of fuel in northern winter.
Greater efficiencies, in terms of effective heat where it is
needed, will further reduce fuel problems while improving
effectiveness of rmen and equipment. Practical radiant heaters
are needed to permit better use of the hands of mechanics and
others who cannot perform their tasks in the open when wearing
heavy gloves or mittens. Perhaps electricity, generated conven-
tionally or by electro-chemical cells of new design, may be the
most practical and flexible source of heat for many purposes.

There are many construction problems in northern areas,
most of which are well identified, One type of construction,
tunneling, has had little emphasis, as conventional imethods are
notoriously expensive and slow, Of interest in this connection
are the permafrost tunncling experiments currently underway
(1964) by the U.S. Army Cold Regions Research and Engineering
Laboratory at its Field Station at Fox, Alaska. They are testing
a tunneling machine which digs a 7-1/2 by 15 {t hole, at rates in
excess of i {t per minute, It appears to have good potential for
hard-rock tunneling, as well as excavation of softer materials.
In these aays of potential nuclear, chemical and biological war-
fare, methods of rapidly constructing underground shelters would
add a new dimension to defensive warfare,




In summary, the Army's requirements in northern regions
can be listed under nine basic categories, some of which have
been discussed in this paper and some cf which are conspicuous
by their abaence.

1. Continuation and extension of research on the subject of
trafficability. This is not only to define the problems, but to
come up with rapid and economical means of improving traffic-
ability as an alternative to development of sophisticated
cross-country vehicles.

2. Research to improve over-all mobility. Cur optimum
ground vehicles should have cross-country capabilities even
better than those we can obtain now with the best tracked
vehicles, while obtaining the efficiencies of cperation on roads
and the economy of maintenance now found only with wheels.

3. Development of materials, and the means to use them
econormically, which will overcome the shortcomings of present
matcrials when exposed to the extremes of cold encountered in
the North, and which will continue to function over the wide
ranges of temperature encountered in northern winter. Seasonal
or daily variations in temperature of from 60 to 80 degrees are
common. A variation of 111 degrees within 48 hours was
recorded at Fort Greely during Exercise ""Great Bear'' in 1961l.

Specific problern areas include: structural materials,
lubricants, tires, fabrics, electro-chemical systermns and
plastics.

4. Identification of human factors which inhibit operations in
extremes of climate, and the means to overcome them. Physical
and emotional stress and {atigue create probiems even in tem-
perate envirocnments. Thesec problems are amplified under the
harsh conditions of northern winter, to the point that the will to
learn and apply the necessary techuiques of survival and opera-
tion are seriously impaired. Remember that the average
soldier does not have the same motivation to overcume p:roblems
that is found in frontiersmen, prospectors, explorers and other
special groups of people who regularly operate in the North,

5. Continuation of research on permafrost and thc means to

overcome the problems it presents. Thesc problems afiect ficld
operations as well as permanent construction.
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6. Control of ice fog. This is necessary to improve
visibility during operaticng, reduce camouflage problems and
increase our capabilities of deception.

7. Excavation in rock and permafrost, This is vital for
construction of field fortifications and protected storage, as well
as for the pioduction of construction materials. The tunneling
work now underway by the Cold Regions Research and Engineer-
ing Laboratory in Fairbanks could produce an entirely new
capability for protective construction in the battle zone, not only
in the North but everywhere. On a smaller scale, such devizzs
might provide a practical method of producing construction
aggregates in winter,

8. Increased knowledge of the capabilities, limitations and
effects of explosives and demolitions (both conventional and
nuclear) in northern areas. Fractical improvements are needed
in dealing with the effects of conventional ammunition, as well as
improvement of our ability to create barriers.

9. Improvemen. in reconnaissance capabilities to permit
rapid evaluation of routes, positions and potential barriers. The
work now underway, by the U, S. Army Cold Regions Research
and Engineering Laboratory, on the use of infrared rays to detect
potential ice-crossing conditions on the frozen streams and lakes
is part of this requirement. But the vast arcas of the North
present impossible conditions for effective reconnaissance with
conventional ground methods.

Finally, U. S. Army Alaska is interested in everything that
will improve our capabilities for northern operations. Our
ultimate goal is to make these operations comparable to opera-
tions in temperate zones with an absolute minimum of adaptation
of means. Research which will make it economical to build
basic cold weather capabilitias into all military equipment will do
much to reduce the cost arnd coinplexity of the kite and special
purpose equipment which are now required, We feel that only by
this means will we be able to operate and fight in northern
regions better than any potential enemy.
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MATERIALS ENGINEERING FOR COLD REGIONS
AND THE BRITTLE FRACTURE PROBLEM

Murray M. Jacobson
U. S. Army Materials Research Agency
Watertown, Massachusgetts

INTRODUCTION .

The U. S. Army has a long historical interest in the effect of
cold environments on materials used in military equipment.
During Worid War Il the Army's low temperature materiel and
materials problems were pointed up in the winter tests of
1942-43 at Camp Shiloh in Northern Manitoba. Military equip-
ment problems associated with cold regions were further under-
lined as a result of the very recent U, S. Army winter exercises
"Great Bear'' ancd "Timberline.'" The requirements for materials
able to withstz nd unusually cold environments are still further
emphasized b, the inclusion of a climatic category with a lower
limit air temperature of -80° F in U, S, Army Regulation
AR 705-15, Cl dated 14 October 1963 ('"Operation of Materiel
Under Extreme Conditions of Environment''). Even without the
problem of ambient climatic conditions, the advent of Army
missiles and rockets powered by cryogenic fuels imposes
requirements for materials which retain good mechanical prop-
erties down as low as -423° F, the temperature of liquid
kydrogen.

When subjected to low temperatures, most engineering
materials show a substantial loas of the useful giructural prop-
erties possessed at ordinary temperatures. Although wood,
ceramics and glass are virtually unaffected by extreme cold, the
more important classes of engineering materials, namely metals,
rubber and plastics, are indsed subject to mechanical failure.
Cold regions also irnpose lubricant problems. Rubber materials
generally lose flexibility at low temperatures and become hard
and brittle, although many of the newer synthetic elastomers
retain flexibility down to extremely low temperatures. Most
plastics harden and embrittle, and will fracture on shock loading
or impact at low temperatures. Most structural metals, particu-
larly the steels, are subject to catastrophic brittle failure in cold
environments. Since metals constitute the largest tonnage usag:
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of enginecring materials by the military, discussion in this paper
will be addressed primarily to that class of materials. Rubber,
plagtics and lubricants, however, will be discussed briefly first.

RUBBER

Cold regions adversely affect the serviceability of rubber
components of military equipment, such as tires, inner tubes,
cable, hose, bushings, seals, etc. The low temperature effects
of greatest concern include changes in flexibility, changes in
compression-set characteristics and the development of
brittleness.

The dietinct changes that may occur in rubber at low temper-
atures can be clasgsified as: simple temperature effects (visco-
elastic effects); first-order transitions (crystallization); second-
order transitions {vitrification); and effects asscciated with
plasticizers. Simple tempevature effects are manifested by losa
of resilience, increase in modulus and increase in hardness.
First-order transitions are time dependent and may require
periods ranging from hours to months; they are accompanied by
changes in hardness, volume and coefficient of thermal expansion,
in addition to increased stiffness. Sccond-order transitions are
exhibited by all elastomers and occur guite rapidly within a
narrow temperature range, Elastomeric materials ordinarily
become unserviceable due to simple temperature effects well
above the second-order transition temperatures. When rubber
compozeitions are highly loaded with certain plasticizers, time
effects not necessarily associated with crystallization may be
evident, l.ow temperature flexibility may be improved by the
addition of selected plasticizers; howev